Figures
. Comparative view of the crystal lattices of 4 (a) and 5 (b) . Hydrogen bonds are represented by discontinuous lines. Hydrogen thiosemicarbazone and cytosine atoms have been omitted for clarity. Tables   Table S1 . Crystallographic data for complexes 1 -4. Table S2 . Selected structural parameters (Å, º) and their comparison with thiosemicarbazonecopper(II) entities for tridentate deprotonated (CuL 3 ) or neutral ligands (CuHL 3 ). Table S3 . Selected bond lengths (Å) and angles (°) for compounds 1 and 2. Table S4 . Selected bond lengths (Å) and angles (°) for compounds 3 and 4. 
Synthesis
Preparation of (CuL) 2 
(HCMP)(ClO 4 )(H 2 O)
Cytidine-5´-monophosphate (H 2 CMP) (0.2 mmol, 0.065 g) was dissolved in 10 ml of water and basified until pH = 6 with NaOH 1 and 0.1 M. By the other hand, a mixture of Cu(ClO 4 ) 2 •6H 2 O (0.4 mmol, 0.148 g) and HL (0.4 mmol, 0.072 g) were dissolved in 10 ml water with vigorous stirring for 30 min. Next, this solution was filtered off over the cytidine solution and the pH is adjusted to 6 with NaOH 0.1M. After 1 h, the resulting suspension was filtered under vacuum. It was obtained a green solid (51 %, 0.114 g), which was washed with acetone and dried under vacuum. 
Preparation of (CuL´) 2 (HCMP)(ClO 4 )(H 2 O) 4
This compound was obtained following the same synthetic procedure before mentioned, using HL´ (0.4 mmol, 0.078 g) instead HL as starting material, yielding a green solid (18 %, 0.043 g), which was washed with acetone and dried under vacuum. (2) moieties are linked through a deprotonated ade − ligand ( Fig. 1 ).
Distorted square-planar (Cu1) and square-pyramidal metal centres (Cu2,  = 0.13) 1 Table S3 ). The cationic complex contains the neutral Hade, whereas the neutral complex incorporates deprotonated (ade -) adenine after removal of the N7-linked hydrogen atom. The Cu1, Cu2 y Cu3 atoms possess distorted squarepyramidal symmetry, with  = 0.18, 0.16 and 0.24, respectively. However, Cu4 exhibits an elongated octahedral coordination polyhedron. Intradinuclear Cu1···Cu2 and Cu3···Cu4 distances are 3.263(4) and 3.170(4) Å, respectively. To the best of our knowledge, 2 represents the first compound whose crystal structure contains both, clearly differentiated, neutral and anionic adenines. All the entities present in 1 and 2 exhibit bridging adenine (-N3:N9) between the Cu(II) ions, retaining the coordinative character usually shown by the adenine ligand in non-thiosemicarbazone systems, i.e. on paddle wheel adenine complexes. 2 Another common topic in these compounds is the bridging role of the thioamide sulfur atom, clearer for 2 with Cu-S' distances in the 2.80-2.90 Å range, while the length for 1 is 3.094(3) Å, regarded as borderline of a real bond despite the place of S12 atom and the Jahn-Teller effect on the Cu(II) ion supports the pseudocoordination.
3 Contains two [CuL(9-Mgua)] + fragments in which square pyramidal Cu(II) ions  = 0.008, 2727 are linked by the oxygen atom of a bridging water molecule ( Fig. 3 , Table S4 ). Intradinuclear Cu1···Cu1 ii distance is 4.770 Å, while the closest interdinuclear Cu1···Cu1 ii are 5.017 Å away (ii = -x+1, -y, -z+1).
Complex 4 is built up by [CuL(Hcyt)] + monomer units ( Fig. 4 , Table S4 ) containing Cu(II) ions with a distorted square-planar topology. Notwithstanding, the intramolecular Cu···O12 distance, 2.754(6) Å, could be interpreted as a (4+1) pseudocoordination and falls inside the 2.55-2.88 Å range reported in the literature for the cytosine Cu-O bonds. 3, 4 The values of the Cu-N13-C12 and Cu-N13-C14 angles, 109.8(5) and 130.0(6)º, respectively, support the existence of a Cu-O12 bond and reflect the approach of the cytosine ring to the metal centre through the O atom. However, the weakness of such a linkage is suggested by the value of the C12-O12 bond length, 1.246(9) Å, which does not significantly differ from 1.237(2) Å in the free Hcyt. 5 The minimum distance between copper centres is Cu···Cu i : 4.648 Å (i = -x+2, -y, -z). The molecular structure of 4 is quite similar to the analogous dehydrated [CuL(Hcyt)](ClO 4 ) (5) compound. A common feature is the formation of - stacked dimeric aggregates, which are also stabilized through intra-dimer (N14-H14···N3) hydrogen bonds. However, the entry of water induces certain differences, as the turn in neighbour dimer aggregates placed along the z axis, whose cytosine rings form 62.50° angle in the anhydrous derivative, while being fully antiparallel 179.6(6)° in 4 ( Fig. S1 ). A deeper insight into the crystal lattice in 4 shows that water molecules are mainly placed around the cytosine rings (up to seven water molecules closer than 4 Å from cytosine ring). From a strict crystallographic point of view, two independent [CuL(Hcyt)] + cations constitute the asymmetric unit of 5, opposite to the unique one in 4.
Hydrogen bonding is relevant to explain the analogies and differences between 4 and 5. In the case of 3, strong intramolecular hydrogen bonds are established between the water bridging molecule and the carbonyl oxygen in the 9-Mgua, [O1W···O16 iv : 2.724(4) Å, O1W-H1W···O16 iv : 175º (iv = -x+3/2, y, -z+1)]. Many intermolecular hydrogen bonds involving thiosemicarbazone, 9-Mgua and perchlorate atoms stabilize the crystal lattice. Compounds 1 and 2 also exhibit several hydrogen bonds, mainly involving thiosemicarbazone and adenine atoms. These interactions are depicted in Fig. S2 and Tables
S5-S7 (Supporting Information).
Other noncovalent contacts relevant to the stabilization of these structures are the anion- interactions established between perchlorate and the aromatic rings in the nucleobases, e.g. (C4···O11 iii = 3.244(11) Å, in 1 and 2; iii = -x+3/2, y-1/2, -z+1/2) ( Fig. S3 , Table S8 ). As an exception, no appreciable anion- interactions are observed in compound 4, which could be due to the profuse framework of hydrogen bonds involving the perchlorate ions and the crystallization water molecules.
Finally, it is worth mentioning the presence of - stacking interactions in the four structures reported ( Fig. S4 , Table S9 ). In the case of adenine derivatives, such noncovalent linkage involves the thiosemicarbazone moieties inside the dinuclear entities, i.e. note the short C12···C21 = 3.251(15) Å and Cu2-S1 = 2.800 (6) 
Spectroscopic and magnetic characterization
An exhaustive assignment of the IR bands in these compounds is rather difficult because of the overlapping of the nucleobase or nucleotides, thiosemicarbazone, nitrate, phosphate and perchlorate vibrations (Figs. S5-S9). Nevertheless, it is possible to observe the usual IR bands for the pyridine-2carbaldehyde thiosemicarbazonatocopper(II) entities, together with those of the corresponding nucleobases. The absorptions attributed to perchlorate, nitrate and phosphate groups have previously been indicated in the Experimental Section. In most of the cases it is difficult to clarify if theses anions are coordinated or not to the metal centres. As an example, in the case of 1 the absorptions at 1151, 1111 and 1090 cm -1 attributed to the perchlorate stretching  3 mode are observed together with those at 973, 625 and 451 cm -1 , assigned to  2 ,  4 and  1 , respectively, which would indicate distortions in the perchlorate anions. Concerning the nitrato derivatives, the absorptions at 1384 and 823 cm -1 in 7, which are attributed to the free ion  3 and  2 modes, appear shifted to 1354 and 907 cm -1 in 8 suggesting coordination of the nitrate anion to one or more metal centres.
The EPR spectra of 1, 3, 4 and 8 are characteristic of d x 2 -y 2 ground states. A broad isotropic absorption is evidenced in 2, probably due to the presence of magnetic exchange interactions. The signal of 6 is very complex and the presence of different phases cannot be discarded. 7 exhibits an inverted axial signal which seems to be due to a classic antiferrodistortive spectrum, with two non-equivalent chromophores in an angle close to 90 º. If this is the case, the observed g  component would be an average between the actual g || and the apparent g || measured. The spectra of 10 and 11 are very similar and complex. In them, there is at least one signal more than expected. It could be due to the presence of different phases or the existence of turning-points (note that some signals are quite thin). It could be also due to exchange coupling in magnetically different copper centres, or even an effect of zero field splitting, despite the latter is less probable because no half field signal is observed. In the case of 12, the values of g 1 and g 3 are reliable, but g 2 could be wrong or correspond to a turning-point. In fact, other fits are possible for this spectrum, as an axial symmetry with g  2.064.
Neither half field signals nor hyperfine structures are observed in the EPR measurements ( Fig. S11 and Experimental Section), which suggests the presence of weakly magnetic coupled systems. A more detailed discussion is given in Supporting Information. The average g values 2.090 (1), 2.088 (6), 2.085 (5), 2.084 (4), 2.091 (7) and 2.086 (8) are similar to those reported in the Literature for other nucleobasecopper(II) derivatives. 6 In the same way, these values are also close to those recorded in the nucleotide-containing species, 2.099 (10 and 11) and 2.103 for 12. 6 The magnetic susceptibility values for 1 (Figure 7) increase on decreasing the temperature to reach a maximum at 19 K. A further fall is observed with a minimum at 3.5 K, and then the graphics rises again at lower temperatures. The curve is characteristic of an antiferromagnetic behaviour, with Curie's constant C m = 0.981 cm 3 K/mol and Weiss temperature  = -31.8 K. Unfortunately, all our attempts to fit it to analytical expressions for dinuclear or 1D Cu(II) systems have been unsuccessful. The magnetic measurements carried out on 5 (Figure 8 ) also denote the presence of antiferromagnetic interactions (C m is 0.837 cm 3 K/mol and  = -1.4 K). In this case, the experimental data have been fitted to a Bleaney-Bowers' equation, as it is commented in the main text.
Thermal analysis
Thermal stability between 20 and 700 ºC for the 1, 4, 6, 7, 8, 10, 11 and 12 powdered compounds has been analysed by TGA and DSC, as shown in Fig. S12 . Two different stages can be distinguished. The first can be attributed to dehydration processes and takes place from room temperature to 105 ºC for the nucleobase derivatives (1, 4, 6, 7, 8) , whereas the range spreads to 180 ºC in the nucleotides (10, 11,   12 ). The final temperature for dehydration is higher in nucleotide derivatives, which could be due to the presence of strong hydrogen bonds between the water molecules and phosphate groups or, perhaps, because they are coordinated to Cu(II) ions as aqua ligands. In this sense, note the difference between the final temperature in 1 (90 ºC, coordinated aqua ligand) and 4 (51 ºC, crystallization water). The second step occurs through several falls in the 185-700 ºC range and is associated with exothermic processes of thiosemicarbazone and biomolecules pyrolysis. (1) 1.749(9) 2.929(6) 2.208(10) 122.9(5) 111.3 (7) 125.6(6) 116.3 (7) (2) 1.723(9) 2.981 (7)) 2.251(10) 123.5(6) 111.1 (7) 125.3 (7) 117.9 (7) 2:
[CuL] + (1), (2) S-C-N S1-C7-N3 125.6(3) 125.3(6) S1-C7-N4 118.2(4) 117.3 (7) Symmetry transformations used to generate equivalent atoms: i = -x+1/2, y-1/2, -z+1/2, ii = x-1, y-1, z;
iii = x-1/2, -y+1/2, z-1/2; iv = -x+1/2, y+1/2, -z+1/2; v = x+1/2, -y+1/2, z+1/2; vi = -x+1, -y+1, -z+1; vii = x+1/2,-y+1/2,z; viii = -x+1, -y, -z+1; ix = x,y,z-1; x = x-1/2, -y+1/2, z; xi = x+1/2, -y+1/2, z+1; xii = -x+1/2, y-1/2, -z+2; xiii = x-1/+2, -y+1/2, z+1; xiv = -x+1/2, y+1/2, -z+1; xv = -x+1, -y+1, -z+2; xvi = x-1/2, -y+1/2, z-1; xvii = x, y, z+1. Symmetry transformations used to generate equivalent atoms: i = -x+1, -y, -z+1, ii = x+1/2, -y+1, z; iii = x, -y+1/2, z-1/2; iv = x, -y+1/2, z+1/2; v = -x+1, y-1/2, -z+1/2; vi = -x+3/2, y, -z+1. Symmetry transformations used to generate equivalent atoms: i = -x+3/2, y+1/2, -z+1/2; ii = x, y, z-1; iii =x+1/2,-y+1/2,z; iv = x-1/2, -y+1/2, z-1; v = -x+1, y+1/2, -z+1/2. Dkl: Distance (Å) between the oxygen atom of the perchlorate anion and the nearest atoms of l. 
